we began a more intensive study of sections of peripheral ganglia in all of our inoculated chimpanzees, and in normal controls, to see if specific histopathologieal changes could be found in those ganglia interposed between the alimentary portal of entry and the central nervous system. Our enthusiasm for this approach had its inception with the finding of heavy infiltrations in the trigeminal ganglion of a chimpanzee previously described (A48, 5; also Fig. 15 ), who was inoculated by the oropharyngeal route, suffered a facial paxalysis, and was found to have lesions restricted to the region of the brain connected with this nerve as well as in the facial nucleus. Although, as later mentioned (10) , it appears that the early arrest of the pathological process in this case is best explained as an immunity effect due to a previous unrecognized nonparalytic attack, the validity of the assumption that the trigeminal nerve was the pathway of spread of virhs from orop~x to brain did not seem to be impaired. In another chimpanzee, later described, and killed during a febrile period 4 days following intragastric inoculation, numerous infiltrative lesions were found in the celiac ganglia although no lesions were found in any other part of the nervous system examined (ll). Since no vires was recovered from this animal, the interpretation of the celiac ganglion lesions as indicative of a pathway to the nervous system from the gut was regarded as tentative. In subsequent chimpanzee experiments, and in our normal chimpanzee material, the celiac ganglia were examined regularly to obtain a standard for comparison of lesions in cases inoculated by different routes, as well as in normal specimens. Other ganglia similarly examined in serial histological sections as possible stations in the neural path of virus from surface periphery to central nervous system were spinal sensory ganglia, the sensory ganglia of the V, VII, IX, and X cranial nerves, and the following autonomic ganglia: superior cervical, stellate, and celiac. The latter ganglia probably do not contain cells with axons ramifying in surface epithelium, but since their axons may be present in glands close to the surface, it is conceivable that virus may reach them from such regions. Ganglia obtained from human cases were the celiac, steUate, trigeminal, and spinal.
The chimpanzee ganglia were fixed by the intravascular injection of 10 per cent formalin containing 1 per cent acetic acid, andwere imbedded in paraffm, sectioned at 15 ~, and stained with gallocyanin, following Einarson's method (12) . Semiserial sections were studied, representing at least one-third of all the sections of each ganglion. The human ganglia were secured at autopsy as soon after death as possible, and were prepared as above except that the ganglia were fixed by immersion, and complete serial sections were stained and examined.
Findings in Chimpanzee Ganglia
As our inoculated chimpanzees increased in number it became obvious that a considerable range of variability occurred in the intensity of lesions found in peripheral ganglia in paralytic and non-paralytic animals killed within the first month after inoculation. Moreover, no consistent correlation between the route of inoculation and the pattern of lesions in peripheral ganglia could be detected, nor could the latter be correlated with degree of paralysis, severity of lesions in CNS, or the presence or absence of virus in stools (Table I) . As our uninoculated control chimpanzees accumulated, however, a further and very serious limitation in the interpretation of lesions in peripheral ganglia presented itself. These control animals, acquired-as a result of operative fatalities before inoculation, as gifts from dealers because of poor health, and as "used animals" from other laboratories in which poliomyelitis work was not being done, showed in a certain number of cases rather severe mononuclear infiltrative lesions in sympathetic and in trigeminal ganglia. These were usually focal in nature, occasionally perivascular in distribution, and could not be distinguished from those found in inoculated chimpanzees (Table I ; Figs. 1-11, and 15-22) . As a result of this unexpected finding, no satisfactory criterion for determining whether lesions were specifically due to poliomyelitis virus activity could be set up.
It was nevertheless obvious that lesions in the trigeminal ganglia were often much more severe than those found in ganglia from control animals, and were comparable in character to those seen in spinal ganglia of all primates due to spread of poliomyelitis virus from severely involved spinal cord. Thus, where hindbrain lesions were severe the production of severe lesions in trigeminal ganglia could have been the result of peripheral spread of virus from the brain stem, as occurs after intracerebral inoculation. In three cases in which hindbrain lesions were minimal (A4-35, A5-03, and A48, Table I , and Fig. 15 ), it is possible that lesions in the trigeminal ganglia were due to spread of virus from the inoculated oropharyngeal surface, but in only one of these cases (A48) was the involvement in the trigeminal ganglion much more extensive than that found in one of our control chimpanzees (C2-25, Fig. 16 ).
Small, non-specific accumulations of mononuclear ceils were found in many sympathetic ganglia in both the control and inoculated series (Table I, and Figs. 1 to 14). Larger and more numerous infiltrative lesions were sufficiently common, moreover, in the control series, so that it is doubtful that any conclusions can be drawn from the findings in any particular experimental animal. This fact tends to leave in doubt the significance of our earlier findings of lesions present exclusively in the celiac ganglia of a young chimpanzee inoculated by stomach tube and killed in the preparalytic period (11) . Nevertheless, there was a definitely greater preponderance of lesions in the autonomic ganglia of the inoculated animals as a group compared with the control chimpanzees. Although we feel that this preponderance may be significantly correlated with poliomyelitic infection, a much larger series of animals would be necessary to prove the point. Enough of the control animals showed evidence of an infection of peripheral ganglia due to unknown causes so that chance selection of similar animals might have been responsible for the greater involvement of sympathetic ganglia in the inoculated animals.
Findings in Human Ganglia
In agreement with earlier studies, and contrary to findings recently reported by Faber and Silverberg (1), we found no lesions which could be considered as specific for this disease in complete serial sections of sixteen pairs of celiac ganglia and eleven pairs of steUate ganglia from fatal human poliomyelitis cases. A number of ganglia contained single small loci of round cell infiltration, :~ Pneumonia. § Encephalitis.
[I Tuberculous meningitis. or a single lightly cuffed vessel. It seemed highly doubtful that such lesions bore any relationship to the poliomyelitic process (Table II) .
Contrasting with the absence of significant lesions in sympathetic ganglia was the abundance of characteristic lesions in some of the trigeminal and spinal sensory ganglia. These were quite similar to those which occur in spinal ganglia of experimental animals as a result of peripheral migration of virus from the CNS (Figs. 23 and 24) . Moreover, the intensity of lesions in particular human sensory ganglia corresponded relatively well to the intensity of lesions found in the adjacent region of the CNS (Table III) . For example, the heaviest lesions occurred in general in ganglia whose axons connected with regions of brainstem or spinal cord most severely involved. This was striking in one instance in which the ganglia on one side were much more severely involved than those on the opposite side (H35, cervical ganglia, Table III ). This relation between the severity of lesions in peripheral ganglia and those in CNS may explain the variability which is observed in the distribution of lesions in sensory ganglia from case to case. DISCUSSION FIexner, Clark, and Amoss (13) were the first to study peripheral ganglia in relation to the pathogenesis of poliomyelitis, and made several important observations. They isolated virus from the spinal sensory ganglia of two infected rhesus monkeys and from a fatal human case, from the trigeminal ganglia of a poliomyelitic rhesus, and from the abdominal sympathetic ganglia of two poliomyelific rhesus monkeys. Moreover, they found considerable mononuclear infiltration, both interstitial and perivascular, and neuronal changes in the spinal and trigeminal ganglia, but the lesions they found in the abdominal sympathetic ganglia were "least marked and so constantly perivascular that infection by way of the blood is indicated." They continue, "The nerve cells exhibit the slightest lesions of all the ganglia studied." Although points of view concerning the mode of spread of virus in tissues have changed since their time, some of their factual observations on the dynamics of spread are still of considerable interest. They found, for example, that virus and lesions are already present in spinal ganglia during the preparalytic period, an observation which we have confirmed in rhesus monkeys in trigeminal as well as in spinal sensory ganglia after intracerebral inoculation. Faber, Silverberg, and Dong (4), who have noted the occurrence of centrifugal spread to spinal ganglia, have erroneously concluded that centrifugal spread cannot occur from the CNS to the cranial nerve ganglia. As noted above, however, lesions in the trigeminal ganglion can be due to centrifugal spread of virus from the central nervous system, as well as to centripetal spread from the periphery. We have considered our chimpanzee case A48, mentioned in the introductory paragraphs, an exceptional example of the latter because of the extremely limited distribution of lesions in the brainstem as a whole, as compared with the extensive lesions in the trigeminal ganglion.
Another pertinent observation of Flexner and coworkers on the peculiarities of virus spread in nervous tissues relates to the phenomenon of apparent "skipping" of the virus in the course of its spread through the nervous system.
In a rhesus monkey inoculated into the sciatic nerve, paralysis appeared first in one arm, rather than in the legs as expected. We have noted a similar phenomenon in one case as compared with many in which paralysis appeared first in the leg corresponding to the inoculated sciatic nerve. The obvious interpretation of this "skipping" is the fortuitous more rapid multiplication of virus and development of lesions in a region distal to one first infected. We have previously presented evidence regarding the characteristics of virus spread and of lesion production in the brain (8) . Rt~mer (14) observed a similar "skipping" after intracerebral inoculation, after which the legs often become paralyzed first, and this was confirmed by Fairbrother and Hurst (15) . We have observed additional instances of this phenomenon after inoculation by various portals, and of special interest was a cynomolgus monkey inoculated into the left vagus nerve who first exhibited paralysis of the left leg after an incubation period of 8 days. No lesions were found in the left vagal ganglia of this monkey, so that one must assume a "silent" passage of virus through the ganglion cells or a preferential passage up the motor fibers of the vagus. A second monkey, inoculated in the same fashion and killed in the preparalytic stage also had no lesions in the vagal ganglia but typical poliomyelitis lesions were already present in the hindbrain, especially in the left facial nucleus. In any case, the possibility of such a "silent" passage of virus through a nerve center cannot be excluded, and we have demonstrated other instances of this sort previously. We have shown, for example, that direct inoculation into the visual area of the cortex will produce typical poliomyelitis in the monkey, although lesions are not found in the visual area itself (16) . In this instance virus must have passed to susceptible centers by nerve fiber paths without affecting the naturally refractory visual area. These experimental observations on the mechanisms of virus spread serve to emphasize the dangers of concluding either that lesions in a peripheral ganglion imply centripetal spread of virus through the ganglion, or that absence of lesions implies that virus could not have spread through the ganglion.
Since the findings in man are of greatest importance, it may be well to consider them first. Marinesco and coworkers (17) examined the ganglia of the intestinal wall and only infrequently found small focal lymphocytic infiltrations. In the ganglia of the celiac plexus and in sympathetic chain ganglia they observed such lesions more frequently, and occasionally light perivascular infiltrations, but never neuronophagia. They later (18) concluded that the absence of specific lesions at the portal of entry and in nerves prevented a determination of the route of passage of the virus. Faber and Silverberg (1), however, have recently described the findings in ganglia of eight fatal human eases, and have attempted to deduce the portal of entry from these findings. Although they found lesions which they considered as specific in six celiac ganglia, three stellate ganglia, one superior cervical ganglion, a number of ganglia of the sympathetic chain, four nodose ganglia, two petrosal ganglia, and all trigeminal ganglia, they concluded that the trigeminal nerve, with its important way-station, the trlgeminal ganglion, was the most important route. The mere demonstration of lesions in the trigeminal ganglion, however, cannot be adduced as evidence since centrifugal spread from the CNS to the ganglion deafly may occur. It is interesting that these authors found lesions which they considered as specific in at least twentyfour pairs of ganglia other than spinal, associated with quite varied routes from the periphery to the CNS, in a total of only eight human cases. If their assumption of difficulty of centrifugal spread were correct, one would have to conclude that the virus in these cases entered by at least three different routes in each case, on the average. Our own essentially negative findings in sixteen pairs of cdiac and eleven pairs of stdlate ganglia, examined in complete serial sections, are in further sharp contrast with the findings of Faber and Silverberg. It is interesting to note in this connection that Sabin and Ward (19) obtained virus from the abdominal sympathetic plexus in only one of seven acutely fatal human poliomyelitis cases, and failed to isolate virus from the superior cervical sympathetic ganglia of six of these cases. All of these cases had died within 4 days of onset of paralysis, and five within 2 days of onset. The possibility is not excluded, however, that concentrations of virus below detectable levels were present in the negative cases in this relatively small series.
Our chimpanzee sympathetic ganglia stand out in sharp contrast to the human ganglia, since many of the chimpanzee ganglia contained numerous focal infiltrative lesions and perivascular mononuclear infiltrations. The presence of similar lesions in normal animals appears to minimize the significance of the lesions in the inoculated chimpanzees, although a higher incidence of lesions occurred in the latter. The normal animals had not had deliberate contact with poliomyelitis virus, and for the most part could not have had such contact in the laboratory. Moreover, only one (C2-25) had lesions in the brain, consisting of scattered perivascular and focal lymphocytic infiltrations, but with an entirely different distribution than is usually found in poliomyelitis cases. Greater intensity of lesion formation in the ganglia of inoculated animals could not be correlated with greater severity of CNS lesions, with the presence of virus in stools, with route of inoculation, or with strain of virus used. Moreover, the histological character of the lesions in the sympathetic ganglia introduced some doubt as to the poliornyelitic origin of such lesions. In not a single instance was it possible to find definite evidence of neuron destruction, although neuron destruction and neuronophagia are common in lesions in spinal and trigeminal ganglia (Figs. 23 and 24) . Occasional chromatolytic cells are readily found in normal autonomic ganglia, as well as in sensory ganglia, and are therefore not necessarily of pathological significance. The lesions in sympathetic ganglia of normal and of inoculated chimpanzees consist in general of focal and perivascular accumulations of mononuclear cells (Figs. 1 to 14) . These cells are largely lymphocytic in type as can be deduced from the fact that some of the "lesions" develop into lymphatic nodules containing germinal centers (Fig. 11) .
Since the origin of lesions in the peripheral ganglia of normal control chimpanzees remains mysterious, it is obvious that the interpretation of lesions in peripheral ganglia of inoculated chimpanzees in terms of portal of entry is not possible except in quite exceptional instances. The evidence from our human material indicates that here an impasse also exists, but, as far as sympathetic ganglia are concerned, for a quite different reason. As in the chimpanzee, lesions in sensory ganglia are probably the result of centrifugal spread of virus from the central nervous system, but the absence in sympathetic ganglia of definite lesions, and apparently, as a rule, of virus, suggests either a "silent" passage of virus or a negligible r61e of sympathetic pathways in the transfer of virus from alimentary tract to CNS.
In conclusion, it must be conceded that there is no rigorous proof from whatever source pointing to the route of transmission of virus from portal of entry to the central nervous system in man. Evidence based on pathological and bioassay studies of human olfactory bulbs, brains, and sympathetic ganglia, however, have been important in narrowing the possibilities (1, 6, 8, (19) (20) (21) (22) , and others). These studies, adequately reviewed in recent publications (23, 24) , have served to exclude the olfactory system and the bloodstream as possible pathways of virus to the central nervous system, and have therefore centered attention on the nervous pathways from the mucous surfaces of the alimentary tract, in its broadest sense, except the olfactory mucous membrane. The absence of critical positive evidence, which conceivably may not be obtainable, does not therefore prevent the formulation of a hypothesis which is based on several suggestive lines of evidence, and which has a fair degree of probability of correctness. This hypothesis, which we have previously presented and discussed (6) , is that the V, VII, and IX cranial nerves, serving the oropharynx, and the X cranial nerve supplying the lower alimentary tract are the most likely routes of passage of virus to CNS, according to the present state of our knowledge. The mucous membranes supplied by these nerves, moreover, are the only ones shown regularly to contain virus in man (19, 22) .
SITM-~ARY AND CONCLUSIONS
1. The peripheral ganglia of eighteen inoculated chimpanzees and thirteen uninoculated controls, and of eighteen fatal human poliomyelitis cases, were studied for histopathological evidence of the route of transmission of virus from the alimentary tract to the CNS.
2. Lesions thought to be characteristic of poliomyelitis in inoculated chimpanzees could not be sharply differentiated from lesions of unknown origin in uninoculated control animals. Moreover, although the inoculated animals as a group~ in comparison with the control animals, had a greater number of infiltrative lesions in sympathetic as well as in sensory ganglia, it was not possible to make satisfactory correlations between the distribution of these lesions and the routes of inoculation.
3. In sharp contrast with chimpanzees, the celiac and stellate ganglia of the human poliomyelitis cases were free of any but insignificant infiltrative lesions. Lesions in human trigeminal and spinal sensory ganglia included neuronal damage as well as focal and perivascular infiltrative lesions, as is well known. In most ganglia, as in monkey and chimpanzee sensory ganglia, these were correlated in intensity with the degree of severity of lesions in the region of the CN$ receiving their axons. This suggested that lesions in sensory ganglia probably resulted from spread of virus centrifugally from the CNS, in accord with considerable experimental evidence.
4. Two principal difficulties in the interpretation of histopatho]ogical findings in peripheral ganglia were revealed by this study. The first is that the specificity of lesions in sympathetic ganglia has not been established beyond doubt as being due to poliomyelitis. The second is that the presence of characteristic lesions in sensory ganglia does not, and cannot, reveal whether the virus reached the ganglia from the periphery or from the central nervous system~ except in very early preparalytic stages or in exceptional cases of early arrest of virus spread and of lesion production.
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P~T~. 10
Representative infiltrative lesions in superior cervical sympathetic ganglia of inoculated and unlnoculated chimpanzees. See Table I Representative infiltrative lesions in stellate sympathetic ganglia of inoculated and uninoculated chimpanzees. See Table I .
FIGs. 7 and 8. Large focal and perivascular round cell infiltrations in chimpanzee C2-25, who had no known contact with poliomyelitis virus. × 150.
FICS. 9 and 10. Perivascular and focal infiltrahve lesions from chimpanzees A4-34 and A5-01, respectively, inoculated by feeding. × 150.
FIc. 11. ChimpanzeeA5-01,inoculated by feeding. Large mononuclear infiltrative lesion, similar to those in other animals, normal and inoculated, but with germinal center characteristic of lymphatic nodules. A similar nodule was found in one of the superior cervical ganglia of this animal. × 150. PLATX 
12
Representative lesions in chimpanzee celiac ganglia. FIC. 12. Chimpanzee A3-58, inoculated by feeding. No definite evidence of poliomyelitis was found in the CNS 223 days after inoculation, and virus was not isolated from the stools in 6 attempts. Extensive infiltrative lesions of this type were found in celiac, stellate, and superior cervical ganglia. × 150.
Figs. 13 and 14. Focal infiltrative lesions in celiac ganglia of chimpanzees A3-92 and A5-01, respectively, inoculated by feeding. × 150. PLATE 
13
Representative lesions in trigeminal ganglia of inoculated and uninoculated chimpanzees. See Table I . FIGS. 17, 18, 19, and 20. Characteristic focal and pefivascular infiltrative lesions in trigeminal ganglia of chimpanzees A1-05, A83, A5-O1, and A71, inoculated respectively by stomach tube, intranasally, by feeding, and by stomach tube. The relative density of such lesions in inoculated and uninoculated chimpanzees is shown in Table I . PLATE 
14
FIGS. 21 and 22. Small focal infiltrative lesions in nodose ganglia of chimpanzees A5-01, inoculated by feeding, and C2-25, uninoculated, respectively. No more than single loci of this sort, with occasional light perivascutar infiltrations, were found in any of our chimpanzees. Their significance is dubious. X 150.
FIGS. 23 (X 60) and 24 (X 150). A section of spinal sensory ganglion (C8), from fatal human poliomyelitis case, It35 (Table III) . The dense foci of mononuclear infiltrative cells, and evidences of neuronal damage and neuronophagia, are characteristic of lesions in spinal and trigeminal gangha of human and experimental cases of poliomyelitis. In both they are probably usually due to centrifugal spread of virus from the CNS.
